










Citation Wouter Volkaerts, Niels Van Thienen, Patrick Reynaert, (2015), 
Plastic waveguides for future communication 
EETimes Europe Automotive - epub 
Archived version Author manuscript: the content is identical to the content of the published 
paper, but without the final typesetting by the publisher 
Published version http://www.automotive-eetimes.com/en/plastic-waveguides-for-future-
communication-networks.html?cmp_id=7&news_id=222904236 
Publisher homepage http://www.automotive-eetimes.com/ 
Author contact your email patrick.reynaert@esat.kuleuven.be 
your phone number + 32 (0)16 32 18 78 
  
 
(article begins on next page) 
Plastic waveguides for future communication networks 
Wouter Volkaerts, Niels Van Thienen and Patrick Reynaert 
KU Leuven ESAT/MICAS, Kasteelpark Arenberg 10, 3001 Heverlee, Belgium 
 
 
Abstract - Researchers from the KU Leuven 
ESAT-MICAS research group in Belgium 
build a multi-gigabit communication link using 
a plastic fiber as transmission channel. 
 
The link consists of 120GHz transmitter and 
receiver chips with on-chip antenna and a Teflon 
tube which guides the signal from the transmitter 
to the receiver. Such a plastic fiber is a cheap and 
low-weight transmission channel for millimeter 
wave (mmWave) frequencies (30GHz – 300GHz). 
Data rates up to 12.7Gbps and distances up to 7 
meters have been achieved. 
Because of technology advances it is now possible 
to integrate entire mmWave transceivers in a 
cheap CMOS technology. The advantage of 
entering the mmWave range is the large 
bandwidth which is available. With simple 
modulation schemes and circuit techniques high 
data rates can easily be achieved and the low 
system complexity results in low power 
consumption. 
These high operating frequencies also enables the 
integration of on-chip antennas resulting in a 
compact and robust system. On the other hand, 
the transistor gain reduces for higher frequencies 
so there is a limit on the operating frequency. 
Another drawback is that at mmWave frequencies 
wireless transmission is challenging due to the 
high free space path loss which is frequency 
dependent. 
As consequence the transmission distance is 
limited to the cm-range or expensive and bulky 
directive antennas have to be used. With plastic 
waveguides the transmission distance of mmWave 
signals can easily be extended into the meters-
range. The large available bandwidths can be used 
to develop gigabit communication link over larger 
distances. 
Plastic waveguide links are a valuable alternative 
for copper or optical links when reliable, cheap, 
multi-gigabit, low energy data transmission over 
meters distance is required. Copper links suffer 
from a limited bandwidth and large channel losses 
which limits the transmission distance. 
They also have EMI problems. Optical links on 
the other hand can easily reach a high data rate 
over very large distances because their low-loss 
channel. However, they need electrical-optical 
converters and are too costly to deploy for short 
distances. For transmission distances up to tens of 
meters the plastic waveguide addresses the 
problems of the copper and optical links. There is 
no EMI, no excessive channel loss and no power 
consuming electrical-optical conversion. 
 
A large range of plastic fibers can be used to 
guide mmWaves. Circular or rectangular, hollow 
or filled, polypropylene, polystyrene, 
polyethylene or Teflon fibers are suited for this. 
The dimensions of these fibers are in the 
millimeter range or below and are related to the 
frequency of the transmitted signal. 
For example, measurements of a hollow, circular 
Teflon waveguide with outer diameter of 2mm 
and inner diameter of 1mm show a loss of 
2.5dB/m at 120GHz. This excellent result is 
achieved with a plastic fiber which is designed for 
other applications than mmWave transmission. 
Optimizing the waveguide for data transmission 
will lead to even better results. In optical 
communication over 1mm plastic optical fiber the 
data rate is limited by dispersion. When 
transmitting mmWaves through these plastic 
fibers, the wavelength and the dimensions of the 
fiber are in the same range and the number of 
transmitted modes is very low. As a result modal 
dispersion is eliminated. 
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A demonstrator of the entire link is made. The 
demonstrator uses integrated antennas which 
perform the coupling between the transmitter and 
receiver chips and the plastic waveguide. 
The chips directly launch an electromagnetic 
wave into the plastic waveguide and no electrical-
optical conversion is required. No accurate 
alignment of the connector is needed. This makes 
this solution more robust against mechanical 
vibrations and results in cheap connectors. 
This demonstrator uses continuous-phase FSK 
modulation to reduce the power consumption and 
to improve the link energy efficiency to 
1.8pJ/bit/m for a 4-meter distance and a data rate 
of 7.4Gbps. The maximum data rate is 12.7Gbps 
for a 1-meter link and the maximum distance is 
7m for 2.5Gbps. In the future data rates as high as 
20Gbps and transmission distances larger than 20 
meters are possible with this technology. 
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